Abstract Cellulase is an enzyme that converts the polymer structure of polysaccharides into fermentable sugars. The high market demand for this enzyme together with the variety of applications in the industry has brought the research on cellulase into focus. In this study, crude cellulase was produced from oil palm empty fruit bunch (OPEFB) pretreated with 2 % NaOH with autoclave, which was composed of 59.7 % cellulose, 21.6 % hemicellulose, and 12.3 % lignin using Trichoderma asperellum UPM1 and Aspergillus fumigatus UPM2. Approximately 0.8 U/ml of FPase, 24.7 U/ml of CMCase and 5.0 U/ml of β-glucosidase were produced by T. asperellum UPM1 at a temperature of 35°C and at an initial pH of 7.0. A 1.7 U/ml of FPase, 24.2 U/ml of CMCase, and 1.1 U/ml of β-glucosidase were produced by A. fumigatus UPM2 at a temperature of 45°C and at initial pH of 6.0. The crude cellulase was best produced at 1 % of substrate concentration for both T. asperellum UPM1 and A. fumigatus UPM2. The hydrolysis percentage of pretreated OPEFB using 5 % of crude cellulase concentration from T. asperellum UPM1 and A. fumigatus UPM2 were 3.33 % and 19.11 %, with the reducing sugars concentration of 1.47 and 8.63 g/l, respectively.
market [2] . In 2004, the projected market price for cellulase is about US$90/kg, depending on the enzyme activity and the production cost [3] , yet the exact price of cellulase in the market is still debated due to the limited of publicly available detailed information on the cost of enzyme [4] . In addition, cellulase production is currently focused on converting cellulosic material into sugars due to the high demand for the utilization of lignocellulosic biomass as fermentation substrate. However, the main problem in the cellulase industry is the high cellulase production cost due to the expensive substrate being used for cellulase fermentation and the downstream process applied in the industry [1] . Thus, a study on the production of cellulase from agricultural biomass was conducted.
The bioconversion of lignocellulosic material by cellulase requires several steps from the pretreatment to the saccharification process. Many technologies have been developed in order to obtain a highly efficient saccharification process and to produce cellulase at a low cost. One of the strategies used is through genetic modification and protein expression [5] . The screening and isolation of a potential cellulase-producing microorganism have been carried out to get the most productive strain. Trichoderma sp. and Aspergillus sp. are the most widely studied fungi for cellulase production as they produce the complete cellulase system [6] . Additionally, scientists are also improving on the processes of fermentation, recovery and purification of cellulase as well as the effective pretreatment on lignocellulosic materials in order to improve the hydrolysis efficiency.
In this study, pretreated oil palm empty fruit bunch (OPEFB) was used as a substrate for crude cellulase production by the locally isolated Trichoderma asperellum UPM1 and Aspergillus fumigatus UPM2 and also as a substrate for the saccharification process into fermentable sugars. OPEFB is one of the major lignocellulosic biomasses produced by the palm oil industry in Malaysia [7] . Currently, the treatment for OPEFB is through mulching and dumping process or left in the mill without proper treatment. However, this material is composed of cellulose, hemicellulose and lignin with smaller components of protein, pectin and ash [8] , in which the presence of cellulose and hemicellulose can be used as a substrate for the production of cellulase and subsequently converted to fermentable sugars. Cellulose is a principal source of sugars followed by hemicellulose, both of which are composed of sugar monomers linked by 1,4-β-glycosidic bonds [9, 10] . Lignin is a phenylpropane polymer that holds together the cellulose and hemicellulose components and acts as a protective shield [11] . Cellulose and hemicellulose act as an inducer for cellulase production [12] , and their chemical composition can be converted into sugar monomers through enzymatic hydrolysis. Thus, utilization of OPEFB for the production of crude cellulase and fermentable sugars provides significant value in applying the waste to wealth concept.
In a complete system of enzymatic hydrolysis, three types of cellulases are used: 1,4-β-Dglucangluconohydrolyase (EC 3.2.1.4), 1,4-β-D-glucancellobiohydrolase (EC 3.2.1.91) and 1,4-β-glucosidase (EC 3.2.1.21). These cellulases work synergistically to degrade the complex cellulosic structure into its monomers [13] . The endoglucanase acts on cellulose (the crystalline region of lignocellulosic biomass) that randomly cleaves the cellulose chain yielding cello-oligosaccharides and small amounts of glucose monomers [14] . The exoglucanase acts on the microcrystalline section of non-reducing or reducing end of cellulose, producing two or three molecules of a structure of glucose known as cellobiose. The cellobiose is further simplified by β-glucosidase that facilitates the hydrolysis of cellobiose to glucose monomers. These three enzymes target the specific cleave of the β-1,4-glycosidic bond [13] .
Although utilizing lignocellulosic biomass is a good approach for cellulase production at low cost, the hydrolysis efficiency for the conversion of cellulose and hemicellulose into sugar monomers is still a major obstacle [15] . Hence, more research on achieving better hydrolysis performance is necessary. This article reports on the production of crude cellulase by T. asperellum UPM1 and A. fumigatus UPM2 for saccharification of pretreated OPEFB into fermentable sugars.
Materials and Methods

Pretreatment of OPEFB
Pressed and shredded OPEFB was obtained from the Dengkil Palm Oil Mill, Hulu Langat, Selangor, Malaysia. The OPEFB was soaked overnight in commercial dishwasher detergent and washed with tap water to remove oil and dust. Then, the OPEFB was dried in an oven at 60°C for 24 h. A 100 g portion of washed and dried OPEFB was soaked with 2 l of NaOH (2 %) for 4 h and autoclaved at 121°C for 5 min before it was washed again until a neutral pH was obtained, based on the methods described by Umi Kalsom et al. [16] . The pretreated OPEFB was dried in an oven at 60°C for 24 h before it was stored in sealed plastic bags at room temperature prior to fermentation and saccharification processes.
Production of Crude Cellulase from Pretreated OPEFB
T. asperellum UPM1 and A. fumigatus UPM2, isolated by Abu Bakar et al. [17] , were employed for cellulase production using pretreated OPEFB. The stock cultures were first inoculated on potato dextrose agar (PDA) and incubated at 30°C for 7 days. The spores were then harvested by mixing 10 ml of sterilized distilled water per plate and transferred into a sterilized universal bottle. The number of spores was counted using a haemocytometer under light microscope.
Crude cellulase production was carried out at 100 ml of the working volume using submerged fermentation (SmF) in a 250-ml shake flask. One gram of pretreated OPEFB weighted in shake flask was autoclaved at 121°C for 15 min. The medium was prepared according to Mandel and Weber [18] with a composition of (in g/l) KH 2 ) were added into the substrate with 1×10 6 spores/ml of inoculum. The fermentation was done in a shaker incubator (Labwit, China) at 30°C with an agitation speed of 150 rpm for 7 days (unless mentioned elsewhere). The fermentation products were centrifuged at 4,000 rpm for 10 min using a centrifuge (2-6; Sigma, Germany) to separate the solid from the liquid material, which contained crude cellulase. The crude cellulase obtained was stored at 4°C prior to analysis and saccharification process.
Saccharification of Pretreated OPEFB by Crude Cellulase
The saccharification process was done in 100 ml working volume using a 250-ml shake flask. Then, 0.05 M of sodium acetate buffer (pH 4.8) was added to a 5 % (w/v) of pretreated OPEFB. Crude cellulase was added to convert the pretreated OPEFB into sugars. The saccharification process was done in a shaker incubator (Labwit, China) at 50°C with an agitation speed of 200 rpm for 72 h. The commercial cellulase (Celluclast 1.5 L; Novozyme, Denmark) was used as a control benchmarked for this experiment.
Analytical Procedures
The composition of cellulose, hemicellulose and lignin was measured by determining the neutral detergent fiber (NDF), acid detergent fiber (ADF) and acid detergent lignin (ADL) based on the method described by Goering and Van Soest [19] . The composition of carbon, nitrogen, nutrients and metal elements was determined using inductively couple plasma (OES; Perkin Elmer, USA) and elemental analyzer at ESPEK Research and Advisory Services (ERAS), Risda Estate, Kajang, Selangor, Malaysia. Crude cellulase activities were analysed for β-glucosidase, CMCase and FPase based on the method described by Wood and Bhat [20] . One unit activity of β-glucosidase was defined as 1 μmol p-nitrophenol released/ml enzyme/min. CMCase and FPase activity was defined as one unit activity that released 1 μmol glucose/ml enzyme/min. The soluble protein analysis was conducted based on the method described by Lowry et al. [21] . The reducing sugars produced from the saccharification of pretreated OPEFB were determined using dinitrosalicyclic acid (DNS) based on the method by Miller [22] . The hydrolysis percentage of pretreated OPEFB into sugars was calculated based on Eq. 1 as described by Latif et al. [23] . The hydrolysis yield (g/g) is the total reducing sugars produced per gram of substrate.
Results and Discussion
Pretreatment of OPEFB and its Characteristics
The chemical compositions, nutrients and metal elements of untreated and pretreated OPEFB are summarized in Table 1 . Pretreatment of OPEFB using 2 % of NaOH as described by Umi Kalsom et al. [16] increased the cellulose and hemicellulose contents by up to 59.76 % and 21.01 %, respectively, and reduced the lignin percentage from 19.22 % to 12.31 % and ash from 6.36 % to 1.34 %. The removal of the lignin content in total chemical compositions was due to the swelling effect that caused the crystalline region to be disrupted by the NaOH involved in the breakdown of hydrogen bonds and solubilized the lignin complex [24, 25] . Heat pretreatment above 100°C altered the physical structure of lignin and transformed it into small droplets [26] , which was a successful treatment for lignocellulosic material [16, 25, 27] . The pretreatment of OPEFB significantly affected some of the nutrients and the metal elements composition. Klinke et al. [28] , who studied product degradation after pretreatment of lignocellulosic material, observed that some of the components in the biomass were solubilized by NaOH at higher temperatures. The presence of the metals manganese, cooper, iron and zinc was reduced by 94-96 % after treatment. Other elemental compositions, including those of carbon and nitrogen, were not affected by the treatment process as listed in Table 1 . However, the effects of chemical pretreatment on metal and nutrient compositions in the biomass as well as the effect of those components on cellulase production and the saccharification process are not known yet. Few studies were reported on the chemical compositions, nutrients and metal elements of cellulosic biomass. Razak et al. [29] reported on the nutrient compositions of oil palm decanter cake (OPDC) for crude cellulase production in which the high organic matter contained in the substrate enhanced the growth of fungi.
Crude Cellulase Production from Pretreated OPEFB
The crude cellulase produced from pretreated OPEFB by T. asperellum UPM1 was 0.40 U/ml of β-glucosidase, 13.58 U/ml of CMCase and 0.16 U/ml of FPase. A. fumigatus UPM2 produced 0.22 U/ml of β-glucosidase, 22.65 U/ml of CMCase and 0.33 U/ml of FPase after 5 days of fermentation time at 30°C and at an initial pH 5.5 ( Fig. 1) . The results showed that more β-glucosidase was produced by T. asperellum UPM1, while A. fumigatus UPM2 produced more activities of CMCase and FPase represented as endoglucanase and exoglucanase, respectively. A study by Abu Bakar et al. [17] mentioned a similar trend by these two fungi. The cellulase production was varied according to the type of microorganisms and carbon sources. Different strain produces different cellulase activities (FPase, CMCase and β-glucosidase). This situation was possibly due to the induction and repression All the data determined based on the dry basis of OPEFB. Data presented are the average of at least duplicate experiments with the standard error between 8 % and 11 % nd not detectable mechanism that occurred in synthesizing the cellulase components in fungi. Hanif et al. [30] has shown that the synthesis of β-cellobiohydrolase (CBH) over FPase in A. niger was performed under translational and transcriptional level that resulted in variation of CBH and FPase activities when a transcription and translation repressors were used. The interaction between the Trichoderma sp. and Aspergillus sp. was reported by Ahmed and Vermette [31] which evaluated the cellulase production performance in mono and mixed culture. In the case of strain T. asperellum UPM1 and A. fumigatus UPM2, The mixed culture was not mutually effective in producing higher cellulase activities which were previously performed by Abu Bakar et al. [17] using pretreated OPEFB and Linggang et al. [32] using sago pith residue. In addition to this study, the reduction of CMCase and FPase activities by T. asperellum UPM1 on day 6 was due to the product inhibition. This phenomenon might be due to the cumulative of cellobiose compound released after hydrolysis of cellulosic material which repressed the activity of CMCase and FPase [33] . The phenolic compound released from the remaining lignin during the hydrolysis may also inhibit the cellulase activity [34] . Lignin components that inhibit the substrate reactivity have been discussed by Leu and Zhu [35] . Moreover, enzyme denaturation due to the interaction with other components presence and/or released from the substrate may also be the reason of this phenomenon [36] .
This fermentation was carried out as a baseline for the subsequent improvement of cellulase production by these two fungi. It should be noted that, these strains have been employed for crude cellulase production using sago pith residue [32] and OPDC [29] as substrates.
Effect of Substrate Concentrations on Crude Cellulase Production
The pretreated OPEFB used in this crude cellulase production was in the range of 0.5-2.0 %. This study shows that the substrate concentration had a significant effect on the cellulase production. The behavior of cellulase produced by T. asperellum UPM1 and A. fumigatus UPM2 at different substrate concentrations can be seen as in Fig. 2 . More β-glucosidase and CMCase was produced by T. asperellum UPM1 at a substrate concentration of 1.0 % while other substrate concentrations produced lower cellulase activities. In contrast, A. fumigatus UPM2 produced more β-glucosidase at substrate concentrations of 1.0-2.0 %. However, higher FPase and CMCase were detected at substrate concentration of 1.0 %. A study by Parry and Slater [37] suggested that increasing the substrate concentration does not improve the level of cellulase activities due to the enzyme inactivation. As mentioned earlier, cellulase production is regulated by the induction and repression mechanism. Cellobiose (a soluble molecule produced after hydrolysis of cellulose by endoglucanase and exoglucanase) is well accepted as the main inducer in cellulase (CBH and β-glucosidase) production. This molecule can acts as an inhibitor when higher concentration was accumulated in the system [38] . Moreover, increase in the percentage of substrate concentration will also reduce the porosity of the medium and subsequently reduce the oxygen transfer rate [39] . However, a variation of substrate concentrations was reported in many studies when using different cellulosic biomass because the variety of cellulose and hemicellulose composition that acts as inducers for cellulase production. In addition, the structure of the CMCase (U/ml)
FPase and β-glucosidase (U/ml) Substrate concentration B Fig. 2 Effect of substrate concentrations on crude cellulase production by T. asperellum UPM1 (a) and A. fumigatus UPM2 (b) at 30°C and initial pH 5.5 after 5 days of fermentation time. Symbols: white column β-glucosidase, gray column CMCase, black column FPase substrate itself would affect the promotion of cellulase production by fungi. Irfan et al. [40] obtained higher cellulase activity at substrate concentration of 1.5 % when using wheat straw and 1.0 % when using rice straw. The optimum cellulase production using wheat bran was at 3.0 % of substrate concentration as reported by Gomathi et al. [39] while higher cellulase was produced when using 9.6 % of sawdust concentration studied by Acharya et al. [41] . Razak et al. [29] used 4 % of untreated OPDC for crude cellulase production using the same fungi strains as in this study (T. asperellum UPM1 and A. fumigatus UPM2) due to the low percentage of cellulose and hemicellulose presences in OPDC while Linggang et al. [32] used 1 % of untreated sago pith residue. It should be noted that, for future research efforts, an analysis on cellobiose and sugar monomers as well as other inhibitory components released from degradation of lignin during the cellulase fermentation should be conducted in order to explain the inactivation mechanism that occurs during cellulase production.
Effect of Temperatures on Crude Cellulase Production
Fungi are highly sensitive to changes in temperature. The common optimal temperature for fungi is between 25°C and 30°C depending on the species [42] [43] [44] . Most of them grow well in a mesophilic condition, but some of them are stable in a thermophilic condition. In this experiment, a range of temperatures between 25°C and 55°C were tested for cellulase production using pretreated OPEFB by T. asperellum UPM1 and A. fumigatus UPM2 ( Table 2 ). The highest β-glucosidase activity (0.89 U/ml) was produced at 35°C by T. asperellum UPM1. However, CMCase (20.25 U/ml) and FPase (0.17 U/ml) activities were found to be higher at 45°C after 5 days of fermentation time. Trichoderma sp. is known as a mesophilic microorganism that commonly lives in the temperature range between 25°C and 30°C [45] . A study by Haiyan et al. [46] mentioned that the highest cellulase activity produced by Trichoderma sp. GIM 3.0010 occurred at 32°C. Gautam et al. [47] reported the activity of cellulase produced by Trichoderma sp. higher at temperatures between 40°C and 50°C. There is a high possibility that the T. asperellum UPM1 strain used in this study is a thermostable fungus, and the extreme condition might induce the cell to produce more cellulase. In contrast, A. fumigatus UPM2 produced higher activity of cellulase (0.65 U/ml of FPase, 24.59 U/ml of CMCase and 0.33 U/ml of β-glucosidase) at 45°C on day 5. Although the strain A. fumigatus UPM2 was isolated from the mesophilic environment, high temperatures might induce the strain to produce more cellulase protein, thus increasing the cellulase activity. Saqib et al. [48] isolated A. fumigatus that produced higher cellulase activity at 50°C. A similar situation was observed by Immanuel et al. [49] , who reported that most of the cellulases were produced at 40°C. This situation showed that cellulase production by A. fumigatus mostly favorable at higher temperatures. However, as many researchers had reported on variety of optimum temperatures, it was suggested that the optimal condition for cellulase production is depending on the variation of the microorganism [50] .
Effect of Initial pH Values on Crude Cellulase Production
In this study, initial pH values in the range of 5.0-8.0 were tested on T. asperellum UPM1 and A. fumigatus UPM2 for cellulase production. The fermentation was carried out at 35°C and 45°C for T. asperellum UPM1 and A. fumigatus UPM2, respectively, with a substrate concentration of 1.0 % based on the results obtained from early experiments. The highest level of β-glucosidase (5.01 U/ml), FPase (0.80 U/ml) and CMCase (24.69 U/ml) by T. asperellum UPM1 were produced at an initial pH 7.0 (Table 3) . The increase in cellulase activity at a high pH value was due to the high extracellular protein secreted by the cells. This situation was in complement with the study of Prasetyo et al. [51] , which produced the highest cellulase activity at the highest protein concentration when the cellulase fermentation was conducted at pH 6.0 using Acremonium cellulolyticus as inoculum. A. fumigatus UPM2 produced higher β-glucosidase (1.10 U/ml), CMCase (24.24 U/ml) and FPase (1.65 U/ml) activities at initial pH 6.0. Other researchers also reported on cellulase production under the same pH condition for Aspergillus sp. [50, 52, 53] . However, the highest amount of protein concentration was detected at initial pH 7.0. This situation might be due to the formation of active site and complex protein regulation in cellulase production [13] , where a greater amount of protein was produced to reduce the pH level in the fermentation system. Chandra et al. [45] reported a similar situation when high cellulase protein was produced at initial pH 7.0; however, the specific cellulase activity (in U/mg protein) decreased. The protein was produced to reduce the pH value of the fermentation broth, where the cellulase is mostly stable at pH 5.0. The optimum pH condition for both Trichoderma sp. and Aspergillus sp. that was previously reported to be between pH 5 and 7 [54] [55] [56] .
Comparison of Cellulase Production
The research and development on cellulase production from biomass has been focused on the pretreatment of biomass and genetic modification of the cellulase-producing microorganism, with the aim of producing higher cellulase activity at low cost [57] . The utilization of local lignocellulosic biomass from the agricultural industry for cellulase production is currently in demand [58] . Pretreated willow, OPEFB, dairy manure, marc, sugars cane bagasse, sago pith residue and OPDC are examples of lignocellulosic biomass used for cellulase production. Table 4 summarizes the cellulase activities produced by Trichoderma sp. and Aspergillus sp. In comparison to other findings, crude cellulase produced by T. asperellum UPM1 and A. fumigatus UPM2 from pretreated OPEFB resulted in higher CMCase, while the β-glucosidase and FPase activities are comparable. These figures were in complement with the cellulase produced by Trichoderma viride Mutant EU 2-77 using commercial cellulose as substrate, reported by Jiang et al. [59] . A study by Razak et al. [30] using the same fungi used in this study for cellulase production from OPDC, however, produced lower cellulase activities due to the structural behavior of OPDC itself. Linggang et al. [32] obtained higher cellulase activities (β-glucosidase, CMCase and FPase) by A. fumigatus UPM2 compared to T. asperellum UPM1 when using sago pith residue as substrate, suggesting that different type of substrate will influence the cellulase production. The substrate compositions (cellulose, hemicellulose and lignin), structural behavior and the presence of inducers in the substrate may cause the variation of cellulase production by T. asperellum UPM1 and A. fumigatus UPM2. In addition, cellulase production using pretreated sugar cane bagasse was possibly improved by Maeda et al. [63] when 8.4 U/ml of FPase, 121.4 U/ml of CMCase, and 31.4 of U/ml β-glucosidase were obtained after concentrated to 25-30-fold. These data showed that the pretreated OPEFB has the potential to be used as a substrate for cellulase production.
Saccharification of Pretreated OPEFB
Saccharification of pretreated OPEFB was carried out to evaluate the hydrolysis performance of the crude cellulase produced by T. asperellum UPM1 and A. fumigatus UPM2, respectively. At this stage, the crude cellulase by T. asperellum UPM1 was produced at the condition of 35°C and pH 7.0 while the crude cellulase by A. fumigatus UPM2 was produced at 45°C and pH 6.0 with a substrate concentration of 1 % based on the characterization study mentioned in Crude Cellulase Production from Pretreated OPEFB. The saccharification process was done using only 5 % concentration of crude cellulase.
The results obtained show that the hydrolysis of pretreated OPEFB by cellulase from A. fumigatus UPM2 produced 8.63 g/l of reducing sugars equivalent to 19.11 % of hydrolysis percentage while cellulase from T. asperellum UPM1 produced only 1.47 g/l of reducing sugars and the hydrolysis percentage was 3.33 %. The hydrolysis performance by T. asperellum UPM1 is 83 % lower compared to A. fumigatus UPM2. However, when cellulases from both fungi were mixed at a ratio of 1:1 of T. asperellum UPM1 to A. fumigatus UPM2, a 7.99 g/l of reducing sugars was produced which improved the hydrolysis performance of T. asperellum UPM1 by 81.60 %, as shown in Table 5 . This situation happened due to the different types and strengths of the cellulase produced by both fungi, where T. asperellum UPM1 produced higher β-glucosidase activity while A. fumigatus UPM2 produced higher CMCase and FPase activity. These three cellulases had a major role in the degradation of cellulosic materials [56] which work synergistically in hydrolyzing the cellulosic biomass into sugars. Previous findings reported that the β-glucosidase is a rate-limiting enzyme [5, 64] because a limited amount of β-glucosidase may cause an inhibitory effect to CMCase and FPase activities due to the abundant amount of cellobiose produced in the system [62] . An ideal ratio of β-glucosidase to FPase activity is between 0.12 and 1.50, as reported by Duff and Murray [65] , showing that the suitable amount of FPase activity also contributed to the better hydrolysis process. This study shows that the ratio of crude cellulase produced by A. fumigatus UPM2 gave the ratio of β-glucosidase to FPase in the range described by the reported experiment, resulting in higher hydrolysis percentage, while T. asperellum UPM1 has outranged the β-glucosidase to FPase ratio (Table 5) . Kovacs et al. [60] found that saccharification of pretreated willow with low β-glucosidase produced higher cellulobiose but with lower glucose concentration. However, the detailed mechanism of saccharification process of cellulosic material by cellulase is still not well understood [66] .
This invented crude cellulase also showed a comparable specific cellulase activity with commercial cellulase (Celluclast). The β-glucosidase obtained in crude cellulase by T. asperellum UPM1 and A. fumigatus UPM2 was higher than the activity obtained by purified β-glucosidase in Celluclast. In addition, the specific activity of CMCase and FPase produced by A. fumigatus UPM2 was higher than the activity obtained in T. asperellum UPM1 and Celluclast (Table 6 ). Higher specific cellulase activity is an important characteristic for the concentration and purification processes [67] because the amount of active protein Saccharification process conducted for 72 h using 5 % of enzyme concentration Data presented are the average of at least duplicate experiments with standard error less than 5 % a Crude cellulase from T. asperellum UPM1 and A. fumigatus UPM2 mixed at the ratio of 1:1 contained per milliliter of enzyme solution is higher. This significant cellulase activity has been tested through the saccharification process as mentioned in the patented invention [68] . It should be noted that the crude cellulases produced from these two fungi strains were formulated for production of crude cellulase cocktail as in our patented invention [68] , whereby the hydrolysis performance tested on pretreated OPEFB was improved (data not shown). The sugar obtained from the hydrolysis process was equal to 30 g/l with a hydrolysis percentage of 73 %, suggesting that the pretreated OPEFB has the potential for cellulase and fermentable sugars production.
Conclusions
Crude cellulases from pretreated OPEFB were successfully produced by T. asperellum UPM1 and A. fumigatus UPM2. The present study showed that T. asperellum UPM1 produced higher β-glucosidase (5.01 U/ml) while A. fumigatus UPM2 produced higher CMCase at 24.24 U/ml and FPase at 1.10 U/ml. Cellulase activity by T. asperellum UPM1 was higher at 35°C and pH 7.0, while A. fumigatus UPM2 produced higher cellulase activity at 45°C and pH 6.0. Both fungi produced higher cellulase activity at a substrate concentration of 1.0 %. Their corresponding cellulase activities were comparable with those reported in previous studies for both fungi, and the specific cellulase activity was found higher when compared to the cellulase activity measured in Celluclast. The hydrolysis percentage of pretreated OPEFB was 19.11 % using A. fumigatus UPM2 while T. asperellum UPM1 produced only 3.33 %, based on the ratio of β-glucosidase to FPase activity. Overall, the crude cellulase was successfully produced and enhanced by local isolated strains of T. asperellum UPM1 and A. fumigatus UPM2 using pretreated OPEFB as substrate.
